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Description 

The present invention relates to absorption refrigeration and more particular* to absorbents 
ration systems. Th invention also relates to absorbents for use in pun^ denum^ arrf a.r conoiOor-ng 
5 systems which operate accorcfing to th absopbon principle. ^,^h^inntr,u&A>43n024 
* Aciescriptionofthecperatk»<>fai^ 

Absorb refrigerators and heat pumps utffise the .ate* heat of evaporaoon r ^ u *f ^t^^*^^ 
uated^novai of advent. The absorption ref rigaraticn cyde uses two fluids in a tetany 

ngerart which provides the cooling effect, the other is the absorbent which cames the ref ngerant through part 
to of the cycle. The absorbent is commonly a solution comairung the refrigerant. -^tensad bv a 

In operation, the refrigerant vapour is generated by heating the absorbent solutca TTus k then 
cooler water sUm. The vapour generator and «»denser operate at the highest P'**^*^ *e 
the condensed refrigerant is expanded into a lower pressure region where it ^^^^^^^^ 
Groundings, thereby cooling them. The refrigerant vapour then passes back into the «x^^ ^^sc^ 
ts tomSnga remgerant-rich sotution which is returned to the generator again. Cortrnonty, in c ^ cai ^ S a ^^ 9 
SS?a soluln of lithium halide in water. Water is me refrigerant and the ■^^J*"" • £r£S££L 

Absorption refrigeration systems find widespread use in large scale air^codfeoning system* J <^ 
adewS^SSning canbe achieved by using concentrated absorbent solutions to provide ^^ d ^^ 
^TnoiSopSg theatres, for insSnce. are major users of dehumicfiication pferrts which contact ^om.ng 

20 air directry with a concentrated solution of lithium chloride or lithium bromide. . 

By operating an absorption refrigerator In reverse- it is possible to provide an absorption heat pump 
^nySenent reffigOTtf and absorbent pairs have been citad in the Dterature, but the most .mportant commerce*, 
systems are based on either 

25 1. a lithium bromide-water pair, with an evaporating temperature >+10°C _ _ 

2. An ammonia-water pair, with an evaporating temperature of between +10*C and -60*C. 

The Bthium brorrride-water comb«ation. where the lithium bromide ^^^J^^SL 
e.g. for use in air conditioning systems. However, concentrated UtTuum brorrude solutions * ^^^ e *^ e * 
m ^crystallisation temperaure and can solidify or freeze' inskte the refrigeration unn. They are ateo <»™™ B X ° 

wSrsystem withfte objective of enhancing the performance of the working fluid by lowenng rts '^^^ 
^uTa^^9 teSrosivity to metall Examples of various formulation additives include other Uthmm halides, 

used to lower the crystallisation temperature. ^ ^rainr. ara added to 

ss Other cornpounds such as methanol, alkali metal thkjcyanates. alka* metal halrfes 

reduTrJe^^ystaflisation temperatures of lithium brorrude solutions that wouid normally restnet the* use as ab- 
sorption agents in lew temperature systems. ~>r*tr* th 

4311024 concerns the use of a Btrnum brorrude absorbem in a refrigeration J"/*** 
corrosivity of the nthium bromide towards copper tubing in the system, a nitrate compound and at least one of bertzo- 

40 ^AU rsS^^a^Ssorben: solution which is a mixture of at feast three lithium con^ se.ec.ed .om 
the grolp^ing^Sium bromide, lithium iodide. lithium chloride and nthium nitrate. The formula** provu** a 

solution with a high salt concentration yet low crystallisation temperature. 

Tt kLbSa concerns a composition oHow crystallisation temperature consisting of lrth,um brom.de and l,th»m 

*s niirare. or alternatively lithium bromide and zinc nitrate, k^iwoc 

►Ly Sun^Tteach solutions which inctude additives to reducethe corrosh* P^SilSSSSS^ 
lithium hydroxide, alka! metal nitrates, mdybdates, chromates and vanadates, alkali metal borates, tnazoles and urea 

^KLn ftontt«*-n hydroxide absorption solution of JS 3060-751 1 includes a mo^jc acid common 
a) inhibitor. The artk»ri^ 

P ^^^°1 ^Scries an absorbent comprising lithrum bromide and Dth^m niuate with added triazole compounds 
and optionally octytaleohol in order to prevent copper corrosion. Mn *ttotr> and 

J5 8224-1 S-A concerns an absorbent of Gthrum bromide and lithium hydroxide wtth alkali metal vanadate, and 

ss alkab metal nitrate or nitrite added as corroswn inhibitors. A cofvr*rdrie alcc>rK>l and 

J5 8210-175-A again concerns an absotbent of tflhium bromide and Irthtum hydroxide. A poynyw^ 
an alkali metal nitrate ornitrit are added to reduce the corrosive activity of * e i f b ? ort5e ^. ^„ aufeacom _ 
JO 1196-463-A teaches an absorbent of lithium halide and ethylene gtycoL Vanous addiuves such as a urea com- 
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pound, borate, molybdat anoVor niiono are ncluded. The urea compound is added to reduce oxidation of ethylene 
n^the borate to control the pH and molybdate anoYornrtrateto reduce conosivSty. ^ 

act ^e^ZTo^ « sediments during long ten. use which would block a refrk^ sy^x 

US^or 3 concerns an absorbent of lithium bromide win lithium thiocyanate. The mixture * formulated so as 

to aaow its use in air<oded refrigerate ^^^^^ 
Given th fundamental shortcomings of the coor 

agents which when added to water are be able to: 

(a) Ylefd concentrated solutions which deviate s^ificantfy from the idea! behaviour acceding to RaouK Law. 

(b) Yield solutions with crystallisation temperatures of <0»C. 

(I) Be economic tor use in commensal aMoptoi itfrtoMlion systems. 

in a 6* asp« of th. pn*« inw»*»> *~ ^^^^'^^T^'"^ 

additives Furthemore, in dilute solution potassium formate is biodegradable, env.ronmemally responsible (low eco- 
■ ZT ' .HK«T^im,«lrfioxjcftv It aJsohas a naturally alkaline pH en concentrated aqueous sdutton. 
^J^Z tlJa^eS^i up to its Lit of soiSfity. Prefers** the concentration of the sari 

"Tef^^co^cent^ 

twJ IrW«f hvwLau of solution and most preferably from 60% to 70% by weight of solution. 

^ ^^w^^ Ahsofbentssuch as Glhium brcrrrode to provide mixed salt bnne formulations. 

lUrV ^^Z^^^^ to existing absents such as those based on .Khium «^ - « 
enha^eTpe^ceby reding their crystal 

<l991 SSl , 'other alkali metal formates and acetates are also useful in conjunction with P^^^ m " { ^*! 

- s r^r^» — «— — - 

^e solutions of the mention will general* be aqueous solutions, although other suitable P^^£* 
sn^H^Zdi or combinations thereof may be emptoyed. The absorbent solute may be formulated to prevd 
refrigerant vapour which is pr*Jominantly water, ammonia or methanol. 

^ *JS^ ^^on of tow vapour pressure, alkaline pH. low crystallisation temperature and low vscosrty 
^Z^c^^S^SSn finate in absorption systems is Us abitty, through strong freeradjea. 

«„>ic t« ™^,rr-A corrosion rates, lower vapour pressures and increase absorptoon efficiency. 

An aSS^SLgt^ pc^mTrrnate is that it has a relative* «ow toxicity: solid potassium f«mate has 
an S^l^tSSS^ ™^*> toxicity for fish of 1 -2 gA 90% of a dilute solution of potass,um formate w,l. 

tSlSSp**. t» invention provides a method of operating a refrigeration, air ceding. ^P«^J 
^1 ^^JZ^tm emolcvinq an absorbent, wherein the absorbent is a solution compnsmg potasswm formate. 

dehumWffiero •component part thereof which employs an absorbent comprising potassium formate. 

The^pcSn^rTmaT tor example be the part of an air conditioning system wher a.r . passed through the 
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absorbent sc^Jtion in order to dehur^ 

s wft ?r b 2 ^e^^^ 

Figur 3 shows freezing point curves for solutions described in Example 2. 
Hgure 4 shows vapour pressur curves for solutions descrfced in Example a 

-me absorption chfflihg system of figure 1 is of a tyr* general* well know ^ me art The system « a closed 
system andZpn^a gJSri condenser 4. evaporator 6. absorber 8 and heat Operator 2 . 

to linked to the condenser 4 by a pipe 12. Condenser 4 is finked to evaporator 6 by a p*e ™^™J*^**"™) 
nnked to absorber 8 by a pipe 16. Generator 2 and absorber 8 are connected by pipes 18. 20 and through a heat 

eXC Refrig^t vapour (in this case water vapour) is able to pass from the evaporator 6 to the absorber 3 and from 

the Generator 2 to the condenser 4. 

re Generator 2 * partly filled with an absorbent solution 22 which is a 6S% by we.ght (w/w) aqueous soluton of 

potassium formate. The generator 2 has a heating cod 24 which is immersed in ^ e abso ^f^^^" "ff^ 
suited to the coa 24 by hot water or steam produced f rom a separate heating (^(r»ts»K«wn).^ me so^ 
22 is heated water is evaporated off. The water vapour produced passes through pipe 12 to the corxJenser* The 
condenser4hasacoolingc«126a 

20 corKtenser4andt^ lio^kl waters formed coflects^ 

is set by the cooling temperature and in this case the condensate temperature <s about S8»C wh,ch corresponds to a 
pressure of about 6.9 kPa The liquid water 2f3 feeds through under pressure to the evaporator 6 va W« ^eprpe 
14 terminates inside the evaporator 6 in a series of shower head expansion valves 30. 

valves 30 resulting in liquid and water vapour at about 4.5*C in the evaporator a The waIwactn ^ as ^ 9 f^ 
25 32 collects in the base of the evaporator 6 so as to cover a thermal transfer coil 34 fitted with water. The cooled water 
ref rioeram 32 absorbs heat from the ooQ 34 which is also in communication with the air conditioning unit plenum (not 
shown). Water vapour produced by the valves 30 is taken <* from the evaporator 6 an^ 
matety 0.69 kPa through pipe 16 to the absorber 8. 

in the absorber 23 the water vapour is exposed to a shower of concentrated potassium formate solution 36 in 

» water whic* absorbs the water vapour arxir^ 

formate solutwn 36 is proved by the generator 2 and fed io the absorber 8 via pipe 20 
heatte 40. The at«c<ption of the water vapour t^^ 

in the base of the absorber 8 immersed in the diluted potassium formate solution 38. The coota* 
is taken from tt«> outlet of c^ 26^ 
ss to be cooted and then recycled backtothecooiingco<l26o(the condenser 4. The weak fo^esoliroon K** 
collects in the absorber 8 is pumped by pump 44 mrouoh a pipe 18 to tne generator 2 forces 

The heat exchanger 10 is provided between the absorber 8 and the generator 2 in order to reduce the energy 
reo^rememd the system. Tte 

in pipe 20 before being introduced into the generator Z The concentrated forn^ solution in pipe 

to introduction into me absorber 8. ,. . r . ^ ... _ thQ 

in use. hot water or steam is supplied to the heating coil 24 of the generator 2 -f^"^ 
codingc«lc4 me cc«ienser4a^mereafterto the coolings 

from the absorber 8 to the generator 2. These operations reset in the unidkecoona. ^«^*>&^^ 
condenser 4 to me evaporator 6 and the cycling of absorbent between the generator 2 and me absorber a The result 

4$ is the chflBng of me plenum of the air conditioning unit . 

The absorbent solution of me irrventon can also be used in a dehurrridifier shown schematcalV m Figure 2. 
The dehumkSfier shown in Figure 2 consists of a dehurrad&aton chamber 46 having an a,r space 48 and a senes 
of low pressure sprays 50 for spraying concentrated absorbent solution. The chamber 46 has an inlet 52 andanoutiet 
54 for dehurrudSfied air. The base of the chamber 46 acts as a reservoir for diluted abso ^^ t ^ it A fa ^*\J 
so njnsfromtheb^ofthec*amber46toabo^ 

58 is connected to the sprays 50 of the chamber 46 by a feed pipe 60. A heat exchanger 62 is provided between the 

^n c^Sio? me^s^rms charged with a concentrated solution of potassium formate. Humid an^ertajr is drawn 
into theair space 48 of chamber 46 by a fan (not shown) through inlet 52. Concentrated f 80 ^. to ^"£!T 
« is sprayed into the space 49 from sprays 50. The spray of absorbent takes up moisture from the ^arriso*.^ 
air is exhausted through outlet 54. The absorbent sduDon c^comescauted by 
fromm air.Th diluted absorbent collects in th base of the chamber 46 and ,s fed back to me boiler 58 byfeed pipe 
56 via heat exchanger 62. Th heating element 64 heats the absorbent solution so that water vapour boils off and 
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exhausts through an outlet 68. The hoi concentrated absorbent solution produced by the boiler is pumped by a pump 
(not shown) through pip© 60 to the sprays 50 of chamber 46. Much of Hie heat in pipe 60 is transferred to the pp© 56 

in ihe heal exchanger. _ ■ . 

An advantage of potassium formate is that because of its tow toxicity any fine droplets which become entraned 
5 jntoc^umidfiedairfJowctonc^ combined 
with rneans for coofing the dehumidified air. 

Examote 1 - Corrosion test 

to Asolution inaocordanee with the invention was subjected to the dynamic wheel corrosion test procedure approved 
by the National Association of Corrosion Engineers, whereby a weighed steel coupon is immersed m the solution m 
the presence of air and rotated on a wheef at a fixed speed and temperature for a set period of tone. Corrosen is 
assessed by reweighing the coupon after the test and calculating the weight toss induced by exposure to the test 

solution and air. . . ~._ #e -o*-.t 

is A solution of 65% (w/w) potassium formate in water was prepared. The sotunon exhibited a vscosity ol 5 CPs ai 
20-Canda crystallisation temperature of -20'C. The vapour pressure of water above the solution, asmeasured ac- 
cording to method ASTM D3244-77/P3, was 1 .65 kPa (0.24 pei) at 25°C and 756 kPa (1 .14 ps«) at 60°C. 

A 1 inch (2 54cm) x 3 inch (7 62cm) coupon of 1018 steel was cleaned sequentially in xylene, isoprcpyl atonoi 
and acetone using steel wool, dried in an oven at 66»C and weighed to the nearest 0.1 mg on an analy^balance. 
20 An 8 oz square bottle was half-filled with the test solution and a test coupon inserted into the bottle and held "P*™* 
with a nylon clamp attached to the bottle cap. The bottle was securely capped, placed on a standard test wheel and 

rotated at lOrpm at 75"C for 24 hours. ^ 

The test coupon was then removed, cleaned thoroughly, dried and weighed. The weight loss was convened to a 
corrosion rate (mm per year) using the formula; 
2S _ weight toss in grams x 22,300 

corros»nrate= xmeM density xtrne 

where 

Area - square inch area of coupon 
30 Density - density ol metai in g/cm 3 
Time = duration of test in days 

The steel coupon showed only slight evidence of general corrosion, measured at a rate equivalent to <1 .0 mnVyear. 

as Example 2 - Freezing point determination 

Solutions of potassium formate of from 40% (w/w) to64% (w/w) were prepared and their freezing points determined. 
The freezing points of solutions of lithium bromide of from 40% (w/w) to 75% (w/w) were also determined. The results 
are shown in Figure a In the conomtration range 60% (w/w) to 70% (w/w) potassium formate freezes between -€0»C 
40 and -25'C respectively This is in contrast to the same concentrations of lithium bromide solution all of which Ireeze 
above 0-C It can be seen from the freezing point determinations that in contrast to lithium bromkJe. potassium formate 
is able to function equally well as an absorbent in absorption refrigeration systems and air conditioning systems. 



45 



Example 3 - Vapour pressure determinations 

Solutions of 60% to 70% (w/w) potassium formate in water were prepared. The solutions exmoited viscosities of 
less than 7 cPs at 20»C and a crystallisation temperature of between -30»C and-50*C. A solution of 56% (w/w) lithium 
bromide was also prepared. The vapour pressure of the water above the solutions of each salt was measured according 
to ASTM method 0445. The results are shown in Figure 4. The vapour pressures of the potassium formate solutions 
are in the range 3.9 to as millibar at 30»C which is comparable to the vapour pressure of a 56% (w/w) sofuuon of 
lithium bromide. 

Examote 4 - Properties of aqueous potass ium formate solutions 

ss Tables 1 and 2 below summarise some physical properties determined for solutions of potassium formate between 
20% (wAv) and 70% (w/w). Table 2 shows measurements of Raid vapor pressure (method ASTM D 455) measured m 
miObars made for various solution concentrations at various temperatures. 
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TABLE 1 



PROPERTIES OF POTASSIUM FORMATE 


Potassium Formate in 


Boiling Point 


Crystallising Temperature 


viscosity mra 




water f% (w/W)) 


CO 








20 


104.0 


-11.0 


1,2 


1 19 


30 


ND 


-21.0 


1-5 


1.18 


40 


109.5 


-36.0 


1.9 


1.27 


50 


NO 


-47.0 


Z4 


1.36 


60 


NO 


-46.0 


4.6 


1.44 


65 


130.0 


ND 


NO 


NO 


70 


ND 


1.0 


10.0 


1.53 


ND = Not determined 





20 



2$ 



30 



3$ 



TABLE 2 

VAPOUR PRESSURE OF POTASSIUM FORMATE (millibars) 



Potassium formate oortoentragion (w/w) 



Temoeraruro 


20% 


40% 


60% 


70% 


10 a C 


4.8 


1.9 


0.9 


0.8 


30°C 


22.7 


12.4 


5.5 


3.9 


60°C 


178 


143 


109 


107 


90°C 


667 


545 


449 


362 


120°C 


1927 


1515 


1033 


780 


150*C 


4502 


3633 


2515 


1862 



in the range 40% to 70% (Ww). potassium formate has many physical and chemical properties that mate it a 
useful absorbent in absorption refrigeration systems, air corxfitioning systems, hoar pumps or dehumkfflrers. For ex- 
ample the low crystallisation temperature. Crystallisation takes place at temperatures below -36»C. In Table 1 the 
reference to crystallisation temperature is the socalted true crystallisation temperature' as determined by the Beck- 
man method. Also, the solutions of potassiumformate have towvapour pressures, an alkaline pH andstrong antioxidant 
properties. The solutions also demonstrate an unusually low viscosity. 



Claims 



40 



1. The use as a vapour absorbent for a refrigeration, air conditioning, heat pumping or dehumidifying system, of a 
solution comprising at least 40% potassium formate by weight of solution. 

2. The use as claimed in Claim 1, wherein the total concentration of potassium formate in solution is from 40% to 
45 90% by weight of the solution. 

3. The use as claimed in Claim 1 or Claim Z wherein the said solution further comprises a salt other than potassium 
formate. 

50 4. The use as claimed in Claim 3, wherein the said other salt is one or more of rubidium acetate, caesium acetate, 
rubidium formate, or caesium formats. 

5. The use as claimed in any one of Claims 1 to 4, wherein the said solution further comprises a corrosion inhibitor. 

55 & Th use as claimed in Claim 5. wherein the corrosion inhibitor is a monohydric alcohol, a polyhydric alcohol, a 
inazole compound an alkali metal molybdaie, or a mixture of two or more thereof. 
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7. Th use as claimed in any one of Claims 1 to a wherein the solution comprises water, ammonia or methanol, or 
a combination of two or more thereof. 

a A method of operating a refrigeration, ajr contfforring, heat pumping or c^umidification system employing a 
s vapour absoibentcomprisBig at least 40% potassium fwniate by weight of solution. 

9i A method as claimed in Claim 8, wh reinth total amount of potassnim format in the absorbent solution is from 
40% to 90% preferably from 40% to 75%. more preferably from 60% to 70% by weight of the solution. 

io 1 0. A method as cJaimed in Claim 8 or Claim 9. wherein the relrigerarrt component of the solution is water. 

11 A refrigeration system, air corKfitoning system, heat pump, dehurnkSfier or component part thereof which employs 
a vapour absorbent comprising a solution of at least 40% potassium fonnate by 

is 12. A system as claimed in Claim 11, wrwrein the absorbeffl is as further opined in any one of Claims 2 to 7. 
Patentanspruche 

so i. Verwendung einer Losung mit mindestens 40 Gewichtsprozent der Losung an Kaliumformiat als Dempf-Absorp- 
tkwsmirtel fur ein Kuhl-. Klima-. VVarmepurnpen- oder Entfeuchtungssystem. 

2. Verwendung nach Anspruch 1, bei der die Gesarmloonzentration von Kaliumlormiat in Losung von 40 bis 90 Ge- 
wichtsprozent der Losung betragL 

3. Verwendung nach Anspruch 1 oder 2. bei der die Losung wetemin ein anderes Sat als Kaliumformiat aufweisL 

4 . Verwendung nach Anspruch 3. bei der das andere Safe Rubtf umacetat und/oder Caesiumacetat unaYoder Rubi- 
diurnformiat und/oder Caesiumformiat ist 



25 



30 



38 



40 



S. Verwendung nach einem der Anspruche 1 bis 4. bei der die Losung weiterhin einen Kcxroeions^emmstoff auf- 
weisL 

6 Verwendung nach Anspruch 5. bei der dar Korrosicris^emmstoff ein einwertiger Altohol. ein mehrwemger AJko- 
hol. eme Triazctrverbindung, ein Alkalimetall-Molybdat oder eine Mischung von rwei oder mehr von diesen ist. 

7. Verwendung nach einem der Anspruche 1 bis 6. bei der die Losung Wasser. Ammoniak oder Methanol Oder ein 
Kombination von zwei oder mehr von diesen aufwetsi. 

8 Verfahren zum Betreiben eines Kuhl-, Klima-. Warmepumpen- oder Entfeuchtungssysterns unter Vemendung 
eines Oampf-Absorotwr^mittcls, wefches mindestens 40 Gewichtsprozent rCaliumformiat in bezug aul die Losung 
aufweist 

9 Verfahren nach Anspruch 8. bei der die Gesamtmenge an Kaliurnfotmiat in der Atosomtions-Losung von 40 bis 
90, vorzugsweise von 40 bis 75 und noch bevorzugter von 60 bis 70 Gewichtsprozent in bezug auf die Losung 



10. Verfahren nach Anspruch 8 Oder 9. wobei die Kuhlkomponente der Losung Wasser ist. 

so ii. Kuhfeystem Klimaanlage. Warmepumpe, Entfeuchtungssystem oder Bestandteil davon. welches eh Damof-Ab- 
sorptionsmittel anwendet mit einer Losung von mindestens 40 Gewichtsprozent in bezug auf die Losung an Kali- 
umformiat 

12. System nach Anspruch 11 , wobei das Abswptionsmrttel ein soiches ist, wie in einem der Anspruche 2 be 7 weiter 
ss definiert ist. 
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Revendications 

1 utilisation tfunesohrtbncon^ 

sorbantd vapeur pour un system de r dfngtotioo. de oorxlrtkxineme^ 
5 ddsruimbiflcation. 

2. Utilisation conf orme & la revencfrcation i . dans faqueiie la concentration totate du formaie d potassium en solution 
vaut de 40 % k 90 % en pokis de la solution. 

■to a, UiGsacon conforme k la revendication 1 ou 2. dans laquelle ladite solution comprend en plus un sei autre que le 
formate de potassium. 

4. Utilisation conforme k la revendication 3, dans fequeue ledft autre sel est un ou plusieurs des achate de rubidium, 
acetate de cdsiurru formaie de rubidium ou formaie de cesium. 



is 



5. Utilisation conforme k \*une quelconque des r<werK*cations 1 ^ 4. dans laquelle ladite solution comprend en outre 
un orthtbiteur de corrosion. 

6. UuTisaaon conforme a la revendication 5. dans laquelle Tinhibiteur de corrosion est un ateool rw>nohydrique, un 
20 alcool polytrydrique, un compose de triazole, un morybdate de metal alcalin ou un melange de deux ou plus de 

deux de ces demters. 

7. Utilisation conforme k rune quelconque das revendications 1 k 6. dans laquelle la solution comprend de reau. de 
rammoniac ou du methanol, ou une cornbinaison de deux ou plus de deux de ces composes. 



2S 



a Proceed qui consiste k (aire for*aionner un systeme de rtfrig<§ration, de corK*mor\nement (fair, de pompage de 
chaleur ou de d^umidrflcanon qui utilise un absorbant de vapeur comprenant au moins 40 % de formate de 
potassium en pokfe de solution. 

30 9 Prcce<16cxxTform^ 

tfabsorbant est cc^rise entre 40 % et 90 de pr^ 

% en poids de la solution. 

10. Prcokte conforme k la revencfication 8 ou 9. dans lequeJ le composant r6fng6rarrt de la solution est reau. 

35 11. Sysi&me de refrigeration, systeme de coxiitic^emerrt cfair, pompe k chaleur, deshumidificateur ou panto de 
composant c^iutUiseu^ 
en poids de solution. 

40 12. Systeme conforme k la revendication 11, dans lequel fabsorbant est en outre dtfini conformement k rune quel- 
conque des revencficazions 2 & 7. 



as 



so 
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